Several workers have studied translocation forms of nitrogen in the xylem sap of trees. It is generally assumed that the nitrogen compounds found in the sap are synthesized in the roots and serve as forms in which nitrogen moves to the tops of trees. Various organic compounds (e.g., amino acids, ureides) usually represent most of the nitrogen in the sap, with inorganic forms (e.g., nitrate, ammonia) being present in minor proportions (4, 5, 6, 11, 13) .
I have found that glutamine was the major nitrogenous constituent of the saps of seven species of pines, accounting for about 80 % of the total amino acid nitrogen at collection time in July (unpublished data). However, since Bollard's work (5) 
Results
Chromiiatographic analyses of xylem sap samples shoNwed that glutamine was the miiost abundant amino aci(l present at all timiies of the year. Visual inspection of chromiiatogranms indicatedl that glutamine accounte(d for about three-fourths of the total amino acids, with much smaller amounts of glutamic acid, aspartic acid, serine, gl-cine, alanine, and y-aminob)utyric acid also present. Analyses of total free amino acids in the sap indicated two seasonal peaks in concentration (fig 1) . One peak, occurring about April 1, coincided with the time of flowering. The secon(d peak came in November or December.
Glutanmine synthesis from carbon-labeled ammoniumii glutamate was demonstrated in both isolated roots and( seedlings. In isolated pond pine roots (table I) , increasing the concentration of NH4+ in the medium from 2 to 202 mat had three main effects: Ak, raadioactivity in glutamine increased from 7 to 30 ' of the total activity; B, radioactivity in unmetabolized glutamiiic acid decreased from 13 to 5 % of the total; and C, radioactivity in the organic aci(ds (lecreased from 12 to 2 %. In all treatments, y- soIn to the added NH,Cl, does not allow a direct year-old needles; the increase in amino acid concencomparison of the two sources of nitrogen. tration at this time may be related to the movement of nitrogen from old needles back into the branches.
Discussion
Measurements of the concentration of amino acids in xylem sap, as reported in this study, are not The results of seasonal analyses showed that directly indicative of the total amount of amino acids glutamnine was the most abundant amino acid in the being translocated, since the rate of transport was not xylem sap at all times of the year. Although two determined. The time of greatest translocation of seasonal peaks in amino acid concentration of the sap amino acids in pine xylem sap may well occur during were noted, the importance of these peaks has not the summer months when the rate of transpiration is been determined. The peak occurring about at the maximal.
time of flowering (April 1) is not necessarily reResults of tracer studies showed that glutamic acid lated to flowering, as suggested by Bollard's work.
was a precursor of glutamine in pine tissues. AlIn April loblolly pine breaks dormancy and resumes though the exact steps in glutamine synthesis, or the general growth in North Carolina. No explanation significance of synthesis from glutamate as compared has been found for the late-fall peak in amino acid with other possible precursors, have not been deterconcentration; however, one phenological event ocmined, the data suggest the presence of a glutamine synthetase system (10, 15) . Naylor and Tolbert (12) , in their study of glutamic acid metabolism in barley, found labeling patterns from glutamate-U-C14 which were similar to my results with pine tissues. Glutamine synthesis also was increased by added urea. Hydrolysis of urea and subsequent use of the liberated NH3 by glutamine synthetase, or direct incorporation of urea into glutamine, as suggested by Steward and Pollard (14) , could explain the results.
The radioactivity appearing in organic acids, both in isolated and seedling roots, decreased as the NH4+ concentration increased. These results suggest that conditions which favor glutamine synthesis suppress metabolism of glutamate to a-ketoglutarate. High concentrations of ammonia also may enhance the conversion of a-ketoglutaric acid to glutamic acid and glutamine and thus influence organic acid metabolism.
The hypothesis of Kursanov (9), Kretovich (8) and other Russian workers is that organic acids (e.g. ca-ketoglutarate) serve as nitrogen acceptors in plant roots, and that the acceptor acids, on combination with nitrogen from the soil, give rise to translocation forms of nitrogen (e.g., glutamine). My results are in general agreement with this hypothesis. In my experiments with seedlings, translocation of C"4-labeled compounds to the tops (as estimated from total cpm data) was increased by adding NH4C1 or urea to the feeding solutions. Although the treatments did increase the amount of radioactive glutamine in the tops, it was not shown that glutamine represented a main transport form for radioactivity moving from roots to tops.
Summary
Glutamine was the most abundant amino acid in loblolly pine xylem sap at all seasons of the year. Seasonal peaks in total amino acid content of the sap occurred in April and in November to December.
Glutamic acid served as a precursor of glutamine in isolated roots of pond pine and in loblolly pine seedlings, apparently via the glutamine synthetase reaction. Adding NH4Cl or urea to incubation mixtures containing ammonium glutamate-U-C14 increased the amount of radioactive glutamine formed; and, in loblolly seedlings, also increased the amount of C14 translocated from roots to tops.
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